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Abstract 
 
A hybrid ventilation system that uses both natural and mechanical ventilation has drawn attention with its low operation cost and 
constant ventilation rate. This paper describes a hybrid ventilation system mounted at a window including its performance for 
IAQ and energy use according to different control methods. The simulation results indicate that in maintaining the required IAQ 
level, the proposed hybrid ventilation system reduces energy use by approximately 19.2%, 25.3%, and 41.3% with its outdoor air 
temperature based control, enthalpy based control, and indoor CO2 density control mode, respectively, compared to a conventional 
heat recovery ventilation system. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the CENTRO CONGRESSI INTERNAZIONALE SRL. 
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1. Introduction 
 
Adequate ventilation is important because it protects both health and homes. However, the ventilation needed to 
achieve good indoor air quality (IAQ) can damage energy saving in building [1]. Hybrid ventilation systems that use 
both natural ventilation and a mechanical system adjusting the use of each system according to the time of day or 
season of the year have drawn worldwide attention. Hybrid ventilation technology fulfils high requirements for 
indoor  environmental performance  and  provides  energy  saving and  sustainable  development by optimizing   the 
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balance between indoor air quality, thermal comfort, energy use, and environmental impact [2]. Recently, a hybrid 
ventilation system received a high score for ventilation form the Korean Green Standard for Energy and Environmental 
Design (G-SEED) [3]. The concept of hybrid ventilation was first put forth by the research project Annex 35, 
supported by IEA [2]. In that project, hybrid ventilation was classified into three types, natural and mechanical 
ventilation, fan-assisted natural ventilation, and stack-wind assisted mechanical ventilation, and accomplished in 
office and school buildings in northern Europe and Japan. Another research project for hybrid ventilation, EU 
RESHYVENT, focused on residential buildings. The aim of the EU RESHYVENT project was to develop and 
construct totally new advanced ventilation concepts for residential buildings based on demand control, hybrid 
technologies, and integration of renewables [4]. 
System specifications for hybrid ventilation depends on the climate and building type, but hybrid ventilation 
systems generally include an inlet, distribution unit, outlet, fan, and in some cases heat exchanger. Usually, the 
components of the hybrid ventilation system are separated. 
This study investigates the energy-saving effects of different control methods for a hybrid ventilation system 
placed in a window frame. 
 
 
2. System description 
 
Fig. 1 shows the system layout of the proposed hybrid ventilation system with natural and mechanical ventilation. 
The mechanical ventilation unit meets existing Korean standards for performance of heat exchange, filter efficiency, 
and noise [5]. This system uses various operation strategies by sensing the indoor temperature and humidity, CO2 
concentration, and outdoor weather conditions. The natural and mechanical ventilation modes change automatically 
to minimize energy use and maintain IAQ. But the two modes do not operate at the same time. This system is placed 
in a window frame and is not connected to a duct. The advantages of this system are size and individual room 
control. Also, this system resolves duct-related problems such as contaminants and pressure drops in the ducts. 
 
 
 
Fig.1. (a) system layout ; (b) system installation 
In Hybrid ventilation systems show a strong relationship between the control strategy used and system performance 
in terms of IAQ, indoor thermal comfort, energy consumption, and cost. The hybrid ventilation system proposed in 
this study is equipped with various control logic. The possibility of using natural ventilation is checked every 10 
minutes to maximize the use of natural ventilation when outdoor conditions are favorable. The ventilation rate and 
operation mode (natural or mechanical) is selected considering the IAQ, thermal comfort and energy demand. Table 
1 shows the performance data of the proposed system by experiments. 
 
Table 1. System performance data 
 
 
Specifications 
 
 
Airflow rate  Supply : 52.80 CMH,  Return : 52.22 CMH 
(Supply/return  : 100.9%) 
Heat recovery efficiency (sensible+latent) Heating mode: 74.0%, Cooling mode : 55.5% 
Energy use Heating mode: 22Wh, Cooling mode : 23Wh 
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3. System performance analysis 
 
3.1. Simulation modeling 
 
The simulation was completed to estimate the performance of the proposed hybrid ventilation system proposed 
in an apartment with a floor area of 101m2 in a multi-residential building, as shown in Fig. 2. The analyzed house is in 
Gimpo, South Korea. The analyzed space was limited to the air-conditioned zone (living room,  kitchen, and dining 
room [LDK] and bedrooms). 
The hybrid ventilation systems were installed in windows facing the outside and operated separately in 
accordance with the condition of each room. 
Heat transfer, airflow and contaminant concentration in the experimental space were analyzed through a coupled 
simulation using TRNbuild and TRNflow. Table 2 shows the simulation conditions. The performance of the hybrid 
ventilation system was identical to the experiment results shown in Table 1. Wind pressure is an important boundary 
condition in calculating the airflow rate with natural ventilation. In this study, the wind pressure coefficients suggested 
by Akins et al. [6] were adopted. 
 
 
Fig.2. Analyzed space 
 
Table 2. Simulation conditions 
Analysis space 
Weather data 
Simulation period 
 
 
Internal load 
 
 
 
 
 
 
Building load 
 
 
 
Ventilation rate 
Contaminant 
Heating system 
Cooling system 
LDK(145.3m3), room1(49.0m3), room2(25.5m3), room3(25.3m3), room4(29.7m3) 
TMY2, Seoul 
Heating: Dec. 1 – March 31, set-point was set at 20 ◦C, 40% RH. 
Cooling: June 1–September 30, set-point was set at 26 ◦C, 60% RH. 
Human: 4 persons (sensible heat: 65W/person in room, 75W/person int LDK, latent heat : 
55W/person in room, 95W/person in LDK) [7] 
Lighting: 4.3W/m2 in room, 5.8W/m2 in LDK 
Equipment: 4.6W/m2 in room, 8.2W/m2  in LDK 
Occupancy schedule for internal load was set based on the DOE guideline [8] 
U-value of exterior wall: 0.26 W/(m2 K), U-value of interior wall: 3.32 W/(m2 K) 
U-value of window: 1.4 W/(m2 K), 
U-value of ceiling and floor: 0.59 W/(m2 K) 
0.5 ACH 
CO2, generation: 0.021m3/hŘperson, outdoor level: 400ppm, guideline limit:1000 ppm [9] 
187 W/m2, COP: 4.3 
123 W/m2, COP: 3.8 
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3.2. Simulation cases 
 
Table 3 shows the simulation cases. Case 1 corresponds to the present regulation for the ventilation rate (0.5 
ACH) for residential buildings in Korea. Case 2, 3, and 4 represent the hybrid ventilation mode. In Case 2, natural 
ventilation is used when the outdoor temperature is between 16.5 oC and 25.5 oC. In other words, natural ventilation 
mode operates when outdoor conditions are favorable to control the indoor thermal environment. When outdoor 
conditions are unfavorable, mechanical ventilation with heat exchange operates. In Case 3, natural ventilation operates 
considering the outdoor air temperature and enthalpy. In Case 4, the ventilation rate is changed to satisfy the limits 
of indoor CO2. 
 
 
Table 3. Simulation cases 
 
 Ventilation rate [ACH] System Control method 
Case 1 0.5 Mechanical ventilation Continuous ventilation 
  with heat exchanger  
Case 2 0.5 Hybrid ventilation Natural ventilation when outdoor temp. is 
between 16.5 oC and 25.5 oC 
Case 3 0.5 Hybrid ventilation Natural ventilation when outdoor temp. is 
between 16.5 oC and 25.5 oC, and the enthalpy of 
   outdoor air is lower than 26 oC, 60% RH. 
Case 4 flexible, ventilation 
rate is changed with 
Hybrid ventilation Natural ventilation when outdoor temp. is 
between 16.5 oC and 25.5 oC, and the enthalpy of 
 indoor CO2 level  outdoor air is lower than 26 oC, 60% RH. 
 (under 1000 ppm)   
 
 
 
 
4. Results 
 
4.1. Indoor temperature and IAQ control behaviors 
 
The indoor temperature was controlled to be about 20 oC in the heating season and 26 oC in the cooling season in 
all cases. Table 4 shows the variation characteristics of the indoor CO2 concentration of each case averaged over a 
year. The average CO2 concentration in Cases 1, 2, and 3 was 667.4 ppm, 661.9 ppm, and 662 ppm, respectively. 
The simulation results of Cases 1, 2, and 3 met the minimum ventilation rate (0.5 ACH). In Case 4, the average CO2 
concentration was 823.5 ppm, higher than the other cases because Case 4 operated on CO2 demand ventilation. The 
ventilation system operated only when the indoor CO2 concentration was higher than 1000 ppm. 
 
 
Table 4. Indoor CO2 concentration  
 Case 1 Case 2 Case 3 Case 4 
Average [ppm] 667.4 661.9 662 823.5 
Min. [ppm] 495.9 460.4 462 445.7 
Max. [ppm] 971.8 971.8 972.3 1,005.8 
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4.2. Energy demand 
 
 
 
Table 5. Energy use for heating, cooling and ventilation (fan) 
 
Case 1 Case 2 Case 3 Case 4 
Heating [kWh]
 1092.1 1092.1 1092.4 525.6 
(100)* (100) (100) (48.1) 
Cooling [kWh]
 5037.6
 3927.2 3471.8 3304.3 
(100) (78.0) (68.9) (65.6) 
Fan [kWh]
 578.2
 399.4 477.5 109.8 
(100) (69.1) (82.6) (19.0) 
Total [kWh]
 6707.9
 5418.7 5011.8 3939.7 
(100) (80.8) (74.7) (58.7) 
* ( ) : ration based on the energy demand of Case 1 
 
 
 
 
 
Table 5 and Fig. 3 show the annual energy demand for heating, cooling and ventilation in the analyzed house. 
The indoor and outdoor conditions were identical in all four analyzed cases, and the difference between the energy 
demands for the analyzed cases can be considered a consequence of the outdoor air used for ventilation and the 
mechanical ventilation system operation time. The simulation results indicate that the total energy demand of Case 2 
was about 19.2% lower than that of the conventional ventilation system (Case 1). Moreover, the total energy 
demand of Cases 3 and 4 was reduced from that of Case 1 by about 25.3% and 41.3%, respectively. 
In Case 2, although the energy demand for sensible cooling was reduced by introducing outdoor air based on the 
temperature in natural ventilation, the energy demand for latent cooling was increased. However, fan energy for 
mechanical ventilation was decreased because of the reduced operation time. 
In Case 3, the outdoor air intake with natural ventilation was reduced because natural ventilation operated based 
on both temperature and enthalpy. As a result, the sensible cooling energy and fan energy demand was somewhat 
increased, but latent cooling energy demand was decreased compared to that of Case 2. 
Case 4 showed that energy demand for heating, cooling, and ventilation were significantly reduced by decreasing 
the ventilation rate with CO2 demand control. On the other hand, the sensible cooling energy demand was increased 
compared to that of Case 2 and 3 because of the decreased possibility of outdoor air cooling with natural ventilation. 
Fig. 3. Energy consumption of each control case 
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The results of this study show that the energy saving of a hybrid ventilation system can be increased using outdoor 
air cooling and CO2 demand control. 
 
 
5. Conclusion 
 
This study proposed a window-mounted hybrid ventilation system that can be controlled by individual room and 
eliminates duct-related problems. The performance of the suggested system was analyzed using a simulation. The 
main findings of this study are: 
 
(1) The indoor average concentration of CO2 was maintained below the required maximum level with the hybrid 
ventilation system in this study. The energy required for heating, cooling, and ventilation in a multi- residential 
building were decreased by about 20% or more compared to the energy needed by a conventional mechanical 
ventilation system with heat exchanger. 
(2) The energy saving effect of the hybrid ventilation system can be increased when the natural ventilation mode 
is operated considering the outdoor air enthalpy. 
(3) The most effective control method for the hybrid ventilation system in terms of IAQ and energy use was CO2 
demand control with enthalpy based natural ventilation. 
(4) This study illustrated that the proposed hybrid ventilation system can minimize fan energy for ventilation 
and also reduces the heating and cooling energy demand with outdoor air cooling and CO2 demand control. 
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